CAPSULE 1
Since 1997, the S'COOL Project has engaged students and citizen scientists with NASA 2 Earth science missions through authentic science experiences, observing clouds and 3 comparing data from ground and satellite sources. 4 5 an interactive map enabled participants to easily request satellite overpass times for any 1 spot on Earth. This enhancement enables us to invite participation outside of teacher-led 2 formal education settings. As one consequence, S'COOL was featured in a SkyScience 3 campaign in October 2014, part of NASA's celebration of Earth Science Week 4 (www.earthsciweek.org). The event was widely shared on social media and resulted in a 5 substantial uptick in interest and participation (see Figure. 1 ). 6
Technical advances have also enabled other new features. In 2000 we leveraged 7 the MODIS Rapid Response site (http://rapidfire.sci.gsfc.nasa.gov/realtime) and later 8 the NASA Worldview tool (https://worldview.earthdata.nasa.gov/) to give participants 9 increasingly personalized satellite imagery corresponding to their report from the ground. 10 . This more recent evaluation addresses many of the changes in approach and 2 capability discussed above. Evaluation findings suggest that S'COOL's success is driven 3 by its dual commitments to education and science. Educators find that S'COOL's process 4 and resources meet their classroom needs (related to standards, curriculum, and 5 performance assessment) and help to interest their students in the processes of science. 6
Students are highly driven and motivated to participate because they are able to 7 contribute to NASA and fill an unmet need through their ground observations. Educators 8 identified a variety of skills and competencies related to the scientific process that 9 S'COOL participation can help develop, from careful observation and detailed recording, 10 to critical thinking, to cloud identification and classification. Additionally, because the 11 S'COOL team is accessible and highly responsive, educators are able to get help to 12 support S'COOL's classroom impact. S'COOL's new GEO option also meets a 13 frequently-cited need of educators, who often had trouble reconciling their daily class 14 schedules with the limited and varying CERES overpass times. 15 S'COOL's advances and continuous improvement strategies are aimed at 16 motivating and retaining participants. Achieving this goal has the dual benefit of 17 addressing key science education needs and obtaining a large ground-based observation 18 dataset, which can be used to gain insights into satellite data products. 19 20
SCIENCE APPLICATIONS OF S'COOL OBSERVATIONS 21
The idea for S'COOL arose because imager-based cloud retrievals (cloud/no 22 cloud; and cloud properties such as phase, optical depth, and height) are some of the 
a. Using S'COOL Observations to Validate CERES Cloud Detection Algorithms 15

Our first analysis compared S'COOL and CERES MODIS cloud detections. 16
Based on the S'COOL observation, the sky was either classified as clear (<5% cloud 17 cover) or cloudy (>=5% cover). Table 1 cloud detection algorithm. Examination of the ground-reported cloud types for these 5 cases reveals that the cloud types most frequently missed by the CERES MODIS cloud 6 mask are cirrus and cumulus clouds (Fig. 4) . These cloud types are known to be 7 challenging for satellite retrievals: cirrus clouds can be too thin or optically transparent 8 for satellites to detect, while cumulus clouds can be too small to be resolved by the 1-2 9 km wide MODIS pixels. 10 11
b. Assessing the Value of Opacity Reporting 12
Ground observations of cloud opacity provide another opportunity to evaluate the 13 relative accuracy of CERES MODIS cloud optical depth retrievals. Figure 5 shows 14 histograms representing the frequency of satellite-based optical depth ranges for each of 15 the S'COOL opacity classifications, namely opaque, translucent, and transparent. 16
Increasing optical depths were retrieved on average, as the reported clouds were 17 increasingly opaque from the S'COOL observer's perspective. Picking one of these 18
categories is the most difficult decision for the S'COOL observer and is highly 19 providing the S'COOL team and potentially S'COOL observers themselves detailed 11 insight into the strengths and weaknesses of their observations. 12 Figure 6 provides examples of these co-located data for two cases that exemplify 13 some of the characteristics of the S'COOL observations. For the case in Figure 6a , the 14 two datasets both agree on the presence of a single high cloud layer, confirming the 15 accuracy of the S'COOL observation. On the other hand, Figure 6b is a case where the 16 S'COOL observer only observed a single low level cloud layer, while the CCGL product 17
shows that two higher cloud layers were present. The ground observer reported that the 18 low-level cloud layer was opaque and overcast, indicating that it was too thick for them 19 to see through, therefore preventing them from observing any overlying cloud layers. 20
This situation is not unusual, and the more commonly available passive satellite 21 instruments may not see the low layer in such a case. Thus ground observations fromS'COOL provide a useful complementary view, providing a more complete 1 understanding of the cloud column. 2
The above analyses of cloud mask, opacity, and layering validate participant data. This 3 shows that data collection from non-professionals can fill a gap in validation of satellite 4 cloud retrievals. S'COOL has provided a robust scientific quality dataset otherwise not 5 available for CERES science. 6 7
FUTURE OPPORTUNITIES & CHALLENGES 8
In the next 12 months, S'COOL will be integrated into The GLOBE Program 9
(http://www.globe.gov). GLOBE has also engaged schools in cloud observations since 10 the mid-1990s, but without the tie to satellite data. This larger platform will enable 11 NASA to engage a broader community in this authentic science experience. The GLOBE 12 community will benefit from the ability to compare to satellite data. We have also 13 worked with GLOBE to design and develop a GLOBE Observer app for mobile devices 14 (http://www.globe.gov/globe-data/data-entry/globe-observer), which makes it even 15 simpler for people to observe and report on clouds anytime and anywhere. CCGL-detected cloud layers above the low level cloud they reported due to the high 6 opacity and overcast coverage of the low level cloud. Similarly, a passive satellite 7 instrument would see only the top layer. 8
